We present an analysis of a 50 ks XMM-Newton observation of the merging galaxy cluster ClJ0152.7−1357 at z = 0.83. In addition to the two main subclusters and an infalling group detected in an earlier Chandra observation of the system, XMM-Newton detects another group of galaxies possibly associated with the cluster. This group may be connected to the northern subcluster by a filament of cool (1.4
INTRODUCTION
Clusters of galaxies are believed to form hierarchically via the collapse and merger of smaller structures. Massive clusters form most recently in this scenario, and indeed, X-ray substructure which is indicative of merger and formation activity is found to be more prevalent in clusters at high redshifts (Jeltema et al. 2005) . Observations of merging systems at high redshift thus enable the study of the process of cluster formation. X-ray observations provide a useful tool in this study, enabling measurements of the properties of the dominant baryonic component of clusters and detecting merger-related features like shocks (e.g. Markevitch et al. 2002) and cold fronts (e.g. Markevitch et al. 2000; Vikhlinin et al. 2001) in the X-ray emitting gas.
In cosmological simulations, the most massive clusters form at the intersections of the filaments of structure (e.g. Jenkins et al. 1998) . While filamentary structures 1 Chandra fellow Electronic address: bmaughan@cfa.harvard.edu are observed in the large scale distributions of galaxies (e.g. Colless et al. 2001) , they are rarely observed in Xrays Durret et al. 2003; Ebeling et al. 2004 ) because of their low gas densities. Cluster mergers have also been detected in X-rays at the meeting points of apparent filaments, for example in Abell 85 (Durret et al. 2003 (Durret et al. , 2005 , Abell 521 (Arnaud et al. 2000; Ferrari et al. 2005) and Coma (e.g. Neumann et al. 2003) . ClJ0152.7−1357 is an example of a massive, highredshift merging system located in a network of largescale structures (Kodama et al. 2005) , and so presents a valuable opportunity to observe the hierarchical formation of structure.
ClJ0152.7−1357 was discovered in the Wide Angle ROSAT Pointed Survey (WARPS: Scharf et al. 1997; Ebeling et al. 2000) . It was also discovered independently in the RDCS (Rosati et al. 1998 ) and SHARC (Romer et al. 2000) surveys and was spectroscopically confirmed at a redshift of z = 0.83 Ebeling et al. (2000) ; Della Ceca et al. (2000) . Analysis of the discovery ROSAT data found the system to be highly lu-minous with considerable X-ray substructure consisting of two probable subclusters (Ebeling et al. 2000) . The cluster has also been the subject of BeppoSAX observations (Della Ceca et al. 2000) and Sunyaev-Zel'dovich effect imaging (Joy et al. 2001) . A Chandra ACIS-I observation enabled the two subclusters to be fully resolved and detected a galaxy group near the cluster to the east (Maughan et al. 2003) . The Chandra data were used to measure the temperatures of the two subclusters separately for the first time, confirming that they are both hot (∼ 5.5 keV) and massive.
More recently, ClJ0152.7−1357 has been the subject of detailed studies at optical wavelengths. Demarco et al. (2005) confirmed 102 cluster member galaxies with VLT spectroscopy and found that the eastern group was at the same redshift as the cluster. Girardi et al. (2005) used this redshift information to perform a detailed dynamical analysis of the system. The distribution of galaxies around this system was probed out to scales of ∼ 5 Mpc using photometric redshifts obtained with Subaru by Kodama et al. (2005) . In addition, this remarkable system has been the subject of weak lensing analyses, both ground based (Huo et al. 2004 ) and with the HST (Jee et al. 2005) . Broadly speaking, the distributions of X-ray emitting gas, cluster galaxies, and dark matter are found to be similar.
In this paper we present the results of an analysis of an XMM-Newton observation of ClJ0152.7−1357 along with new K-band imaging. The large collecting area of XMM-Newton enables the most detailed Xray study yet of this system. A ΛCDM cosmology of H 0 = 70 km s −1 Mpc −1 , and Ω M = 0.3 (Ω Λ = 0.7) is adopted throughout, and all errors are quoted at the 68% level. At the cluster redshift of 0.83, 1 ′′ corresponds to 7.6 kpc in our chosen cosmology.
DATA REDUCTION
2.1. XMM-Newton data ClJ0152.7−1357 was observed by XMM-Newton for 50 ks on 2002 December 24 (ObsID 0109540101). The data were reduced and analysed using the XMM-Newton Science Analysis Software (SAS) version 6.1 with the latest calibration products available in April 2005. A binned image of the field observed by XMM-Newton EPIC is shown in Fig. 1 . The target cluster and the galaxy NGC 0720 (detected by chance at the edge of the field) are labelled.
Periods of background flaring were detected and removed by applying an iterative sigma-clipping algorithm to lightcurves of the data from the PN and two MOS detectors. This was first done for lightcurves of the whole field in the 10 − 15 keV band with time bins of 50 s and a 3σ threshold. The observation was virtually unaffected by background flares, and after cleaning 48 ks (53 ks) of useful PN (MOS) data remained. The results of this cleaning were checked by applying the same procedure to lightcurves of source-free regions in the 2 − 15 keV band with 200 s bins and a 2σ threshold. The results of this stricter broad-band cleaning were completely consistent with those of the high-energy band cleaning, and the good time intervals defined in the 10 − 15 keV band were applied to the data used in all further analysis.
In the spectral analysis of extended sources, the precise modeling or subtraction of the background emission is crucial, particularly in regions of low surface brightness. The compact angular size of ClJ0152.7−1357 relative to the XMM-Newton field of view means that the background emission local to the source can be used obtain background spectra. The annulus used for measuring the local background emission is marked in Fig. 1 , and has inner and outer radii of 7 ′ (3.2 Mpc) and 10 ′ (4.6 Mpc) respectively. Note that all sources within this region were excluded in our analysis, but these are not marked on the Figure in order to preserve clarity. As this background region is further from the optical axis than the source, the emission in the region will be vignetted (the mean effective area in the background region is ∼ 60% of that at the optical axis). The effects of vignetting were accounted for in the imaging analysis with the use of exposure maps, and in all spectral analysis by using the SAS task evigweight along with on-axis effective area files.
All spectral analysis was also performed using the blank sky data sets of Read & Ponman (2003) with the "double subtraction" method of Arnaud et al. (2002) . In this method background spectra are extracted from the same detector regions as the source spectra, but from the blank sky datasets. A background region of the source dataset (in this case the annulus marked in Fig. 1 ) is used to derive a residual spectrum to account for any differences (predominantly at low energies due to different levels of soft Galactic background) between the source and blank sky fields. The final background spectrum consists of the blank sky spectrum plus the residual spectrum (scaled for any differences in extraction area). The exposure times of the blank sky observations were normalised so that the count rates of events detected outside the telescopes' field of view in the target and blank sky datasets matched. Fig. 2 shows the PN background spectra extracted from the background annulus region in the source and blank sky datasets. The spectra agree well in the fluorescent lines at 1.5 keV and 8 keV but the normalisation of the continuum in the blank sky spectrum is too high. This indicates that the level of the particleinduced background (which is responsible for the out of field of view counts and dominates the fluorescent line flux) is higher in the source dataset than the blank sky observations. Alternatively if the blank sky spectra were normalised to match the continuum level, the normalisation of the fluorescent lines would be incorrect. Both of these differences would be compensated for to some extent by the residual spectrum that is added to the blank sky spectrum.
Despite these differences, almost all of the temperatures measured with the double subtraction blank sky background method were consistent with those measured by adopting a local background alone (see §5.3 for the exception). This is most likely due to the correcting effect of the residual spectrum, and the fact that the slope of the blank sky background spectrum continuum is the same as the local background. It should be noted, however, that the statistical uncertainties on the spectral properties measured in the low surface brightness regions of this data where the background contribution is important are large. Thus the effects of the systematic differences between the local and blank sky backgrounds cannot be sensitively tested. With those caveats, we conclude that a simple local background, extracted from the source dataset, and vignetting-corrected with evigweight is the more reliable method for this particular dataset, and this is used for all spectral results presented here.
2.2. Near-infrared data K band observations of ClJ0152.7-1357 were made with IRIS2 (the near-infrared imager and spectrograph) on the 3.9m Anglo-Australian Telescope, Siding Spring, Australia, on 2003 September 5, and 2004 January 10. The conditions on both occasions were clear, and the seeing was ≈ 1.7
′′ and 1.3 ′′ in September and January respectively.
The images were dark-subtracted, flat-fielded and mosaiced using standard techniques with the iraf software package. Flatfields were created by median combining the jittered object frames. The total exposure time of all observations was 205 minutes.
IMAGING ANALYSIS
A spectrally-weighted exposure map was produced for each EPIC camera, to account for the energy dependence of the telescope vignetting function. Exposure maps were produced in narrow energy bands, within which the vignetting function varied little, and these were weighted according to the relative contribution of each band to an assumed spectral model. An absorbed MeKaL model with kT = 5.5 keV, appropriate for ClJ0152-7−1357 (Maughan et al. 2003 , and §4), was used. All of the Xray imaging analysis was performed in the 0.3 − 5 keV energy band.
A mosaiced image of the emission detected by the three cameras was then produced, and exposure corrected. This image was adaptively smoothed to show real features detected at the 3σ level with the asmooth algorithm of Ebeling et al. (2005) , and logarithmically spaced contours of this smoothed emission are shown overlaid on a NIR image in Fig. 3 . All of the sources in • 57 ′ 42.8 ′′ . The complex morphology of the extended emission in ClJ0152.7−1357 is immediately apparent in Fig. 3 . The north and south subclusters (labelled C and E in Fig.  3 ) and the group to the east (D) were all detected in the Chandra observation of this system (Maughan et al. 2003) . In addition, XMM-Newton also detects an envelope of low surface brightness emission surrounding the subclusters and eastern group, which extends in a apparent filament to a second group (A) to the northwest. The redshift of this group is unknown. However, while the associated galaxies were not included in the VLT observations of Demarco et al. (2005) , the group's position appears to coincide with a clump of galaxies of the same photometric redshifts as ClJ0152.7−1357 in Kodama et al. (2005) . We address the question of whether this north-west group is associated with the main cluster in more detail later. The morphology of the system suggests intersecting north-east to south-west and south-east to north-west merger axes, which are indicated in Fig. 3 . Fig. 3 also shows that the X-ray emission from the north subcluster is extended in the northern direction, with a possible second X-ray peak (labelled B). This extension is in the direction of an overdensity of galaxies slightly further north, which also appears as a peak in the weak lensing mass map of Jee et al. (2005) .
For convenience, the labelled regions in Fig. 3 are summarised in Table 1 .
The distribution of NIR light in ClJ0152.7−1357 was also investigated with the K band imaging data. The NIR luminosity of a galaxy is well correlated with its dynamical mass (Gavazzi et al. 1996) , making the K band an excellent choice with which to trace out the distri- bution of galaxies within the cluster. The image was divided into a grid of 1000×1000 bins, and the number of galaxies detected at a significance ≥ 3σ in each bin was counted. Objects which were brighter than the brightest known members were excluded. Due to the poor seeing, the galaxy density may be underestimated in the highest density regions. However, all of the known members from Demarco et al. (2005) were included by manually deblending some of the galaxies. An image of this map was created and adaptively smoothed at the 90% level.
Contours of galaxy number density are shown overlaid on a K band image and a smoothed X-ray image in Fig. 4. There is a clear similarity in the galaxy and X-ray distribution; both the subclusters and groups are apparent. An overdensity of galaxies to the north of the X-ray emission in region B is also clear. The comparison of Figs. 3 and 4 shows a clear offset between the peak of the galaxy light and X-ray emission in the southern subcluster. This was first noticed in the Chandra observation of ClJ0152.7−1357 by Maughan et al. (2003) who suggested that the offset was due to the collisionless galaxies (and presumably dark matter) moving ahead of the X-ray gas which is slowed by ram pressure due to the merger. Jee et al. (2005) found similar offsets between the mass peaks of both subclusters in their weak lensing analysis and the X-ray centroids, which is consistent with this explanation. We note, however that the X-ray peak of the northern subcluster is coincident with that of the galaxy distribution, but the northern extension of that subcluster (likely due to another merger) leads to an apparent offset between the X-ray centroid and galaxy distribution.
3.1. X-ray surface brightness modeling. The two-dimensional (2D) X-ray surface brightness distribution in ClJ0152-7−1357 was modeled in Sherpa with an elliptical β−model for each of the two subclusters and two groups, and a flat and a vignetted background (see Maughan et al. 2004 , for a more detailed description of the method). Due to the low surface brightness of the two groups, their model ellipticities were fixed at zero and their core radii were fixed at 100 kpc. This core radius is appropriate for the temperatures of these groups as measured in §4 (Sanderson et al. 2003 ). The models were fit simultaneously to binned images for each EPIC camera after being convolved with the appropriate PSF and exposure map. All model parameters except for the amplitudes were tied between the different detectors. The background levels were determined from a fit to a local source free region and fixed.
The data residuals from the best-fitting models for each camera were combined and smoothed with a Gaussian of σ = 12 ′′ (3 image pixels). The resulting image is shown in Fig. 5 . Point sources were excluded both during the fitting process and from these residuals. There are several regions of excess emission above the model visible in Fig. 5 . We note that some of these residual features occur near or across PN CCD gaps. However, they are also present in the residuals for the MOS detectors alone so are not due to exposure correction problems around the CCD gaps. In Fig. 6 , contours of the positive surface brightness residuals are overlaid on the best-fitting surface brightness model, and on a NIR image. In this Figure, the surface brightness models for each detector have been summed, after convolution with the PSF and multiplication by the exposure map. The PN CCD gaps are thus visible in the surface brightness model. The same labels used in Fig. 3 are included to aid orientation. Positive residuals are associated with the subcluster cores (C and E), which may indicate the presence of dense cool cores, and also with region B. ′′ to the south east of the southern subcluster (E) coincides with several brighter galaxies. Both features appear to be associated with galaxies whose photometric redshifts are consistent with that of ClJ0152.7−1357 as measured by Kodama et al. (2005) , and both appear in the contours of galaxy light in Fig. 4 . While this is not statistically rigorous, it is likely that these regions of excess emission are linked to levels of substructure in the system which are not present in our simple surface brightness model. Similarly, the negative residuals to either side of the northern subcluster core in Fig. 5 are probably due to the inadequacy of a simple elliptical model to describe the subcluster.
There is excess emission between the the two main subclusters (C and E). This excess was also detected in the Chandra observation of ClJ0152.7−1357 by Maughan et al. (2003) . A possible explanation for this feature proposed by Maughan et al. (2003) is a region of increased density due to the compression of the gas in the merger. However, the weak lensing mass reconstruction of this system by Jee et al. (2005) shows two mass peaks in this region, and there are also several cluster galaxies in this region (see Fig. 6 ). This suggests that the excess emission may be due to gas associated with mass clumps in this region, which may be additional subgroups or clusters in this complex system.
Projections of the X-ray surface brightness
An alternative way of visualising the data is to use projections of the surface brightness along different axes. In the case of ClJ0152.7−1357 the two merger axes are natural choices. A rectangular region aligned with each of the merger axis was defined. The X-ray counts in a combined PN and MOS 0.3 − 5 keV image within this region were then projected onto its long axis. The same procedure was applied to combined PN and MOS image of the best-fit 2D model, after convolution with the PSF and exposure map. The data projection was adaptively binned to give fractional uncertainties of ≤ 10% on each point. Fig. 7 shows the projection along the south-east to north-west merger axis. For this axis, a region of width 75 ′′ centred on the two groups was used. Several features are labelled in Fig. 7 , using the same labels as Fig. 3 and Table 1 . The region between C and A corresponds to the apparent filament in Fig. 3 . In this region, the model represents the simple superposition of the group and cluster emission and the data show no significant departure from this model. The filamentary appearance of the emission in this region could thus simply be due to the superposition of the cluster and group emission. However, given the difficulty of modeling the surface brightness distribution of this system, we cannot rule out the possibility of filamentary emission in this region. The point source visible in Fig. 3 halfway between B and A was excluded from the data and model in this projection. The projection of the north-east to south-west merger axis is shown in Fig. 8 . A rectangular projection region of width 50 ′′ centred on the two subclusters was used. The substructure around region B in Fig. 3 is visible in this projection. Excess emission between the subclusters (C and E) is apparent, and a bright point source which was excluded from the 2D modeling, but not from the data in this projection is visible at the right end of Fig. 8 . The disagreement between the model and data at the position of the chip gap at 230
′′ is due to the imperfect exposure correction around the chip gap combined with the bright point source.
SPECTRAL MAPPING
The high quality X-ray data enable spatially resolved temperature measurements of the gas in this merger. A method based on that described by O'Sullivan et al. (2005) was used to produce the temperature map. First, a "radius map" was produced, based on a binned Xray image. The radius map recorded the radius of the circular region enclosing > 1000 background-subtracted, point-source-excluded photons centered on each pixel in the binned image. A maximum radius of 60 ′′ was imposed, and pixels which failed to meet these criteria were excluded from the radius map. Spectra were then extracted for each pixel within the appropriate radius, and the three EPIC spectra were fit simultaneously with an absorbed MeKaL model. During the fitting process, the model parameters were tied except for the normalisations which were independent. The metal abundance was fixed at 0.3Z ⊙ using the abundance tables of Anders & Grevesse (1989) , and the absorbing column was fixed at the Galactic value (Dickey & Lockman 1990) . All spectra were grouped to have at least 20 total counts per spectral bin, and were fit in the 0.3 − 7 keV band using local background spectra extracted from the background annulus region (Fig. 1) .
The resulting projected temperature map is shown in Fig. 9 . It should be noted that the method used for producing the temperature map means that adjacent pixels are not independent. The radius map in Fig. 9 gives the extent of the spectral extraction region used at each pixel. Broadly speaking, the gas in the system has temperatures in the range 4 − 7 keV but the spatial distribution of temperatures is not smooth. There are three apparently hotter regions in the temperature structure which are labelled in Fig. 9 . The northern-most (kT1) is aligned with the residual emission at region B (see Figs. 5 and 6). The hotter regions at kT2 and kT3 are not associated with any surface brightness features. The mixing of spectra between adjacent pixels in this spectral mapping method can make such features appear more significant than they truly are, as they occur in several adjacent pixels. The temperatures and fit parameters of the hottest pixel in each of these regions are given in Table 2 . While region kT1 is a local maximum in temperature, it is actually no hotter than the average temperature across the cluster of 5.5 keV. Regions kT2 and kT3, however, are hotter at the ∼ 2σ level. With the exception of pixels close to the boundaries of the temperature map, none of the measured temperatures are significantly cooler than 5.5 keV.
A simple alternative method of producing a temperature map was also implemented. In this method geometrical regions were defined by hand using the surface brightness distribution and residuals as a guide. Spectra were extracted from these regions (with point sources excluded) and fit as above. Again, vignetting-corrected background spectra extracted from the background annulus region were used. The goal in following this method was to isolate some of the features in the system and obtain spectra that are free from the mixing effects of the previous method. We were also able to extract and fit spectra for regions which did not pass the binning algorithm's criteria. Fig. 10 shows the resulting temperature map and the fit parameters of the numbered regions are given in Table 2 . The table also gives the net source counts detected with each EPIC camera. We note that three of the regions (1, 2 and 7) have low net counts 
TABLE 2
Values of the spectral fit parameters for the regions shown in Fig. 9 and Fig. 10 Net (150 − 300). This means that the grouping of the spectra to 20 total counts per bin and the use of the χ 2 statistic may not be appropriate. In these cases, ungrouped versions of the spectra were also fit using the C statistic in XSPEC. In all cases, the temperatures and uncertainties were in good agreement with the ones quoted in Table 2 .
This method indicates that the two main subclusters and their surrounding regions have temperatures consistent with 5.5 keV. The eastern group (region 7) is significantly cooler at 2.4 +0.6 −0.4 keV, with a temperature, appropriate for a group or small cluster. The redshift of the north-west group (region 1) cannot be determined from the X-ray spectra, but under the assumption that it is at the cluster redshift it too has a low temperature consistent with a galaxy group. The emission in region 2, between group A and the northern subcluster also has a low temperature of 1.4
+0.3
−0.1 keV assuming a redshift of 0.83. Table 2 . Right: The upper panels show the 1σ upper (left) and lower (right) limits on the temperature values. The lower panels show the reduced χ 2 of the spectral fits and the radii used for spectral extraction. Table 2 .
The regions associated with positive surface brightness residuals in the subcluster cores show no evidence for the cooler gas which would be expected if the excess emission were due to cool cores. However, the size of the regions are small (∼ 30 ′′ diameter) so the blurring effect of the XMM-Newton PSF would make such emission more difficult to detect. The Chandra observation of this system, with its negligible PSF, also detects positive surface brightness residuals in the cluster cores, but the data quality is insufficient to extract spectra from those regions. The statistical uncertainties on the XMM-Newton temperatures along with the unaccounted for projection effects mean that the presence of cool cores in either subcluster cannot be ruled out.
Regions 3, 4 and 8 were also chosen based on the surface brightness residuals. These do not show departures from the subcluster temperatures. In particular, region 8 between the subclusters is not significantly hotter. Finally, the global luminosity of the cluster was measured. Due to the complex morphology of the system, extrapolating luminosities measured from spectral fits to the individual components of the system out to a large radius may lead to inaccuracies. Instead, global spectra were extracted for each EPIC camera from within a radius of 1.4 Mpc (184 ′′ , chosen to match the apertures used in Markevitch 1998), after the exclusion of point sources. The resulting spectra were fit as before using the local background spectra, and the best fitting temperature was 3.7 ± 0.2 keV (χ 2 /ν = 588/558). While the emission within this large aperture is clearly not isothermal, the spectra did not support the modelling of a second thermal component. The bolometric luminosity (rest frame 0.01−100 keV) within this aperture was measured to be 1.3 ± 0.2 × 10 45 erg s −1 . The uncertainties on the luminosity incorporate those on the best-fit temperature and normalisation of the spectral model.
DISCUSSION
This deep XMM-Newton observation confirms the global temperatures measured by Chandra for the two main subclusters (Maughan et al. 2003) , and supports the conclusion that ClJ0152.7−1357 is a massive merger. Maughan et al. (2003) included just the two main subclusters in their mass analysis, but the XMM-Newton temperatures of the two groups can be used to estimate their contribution to the total mass of the system. Using the high-redshift mass-temperature relation of Maughan et al. (2005) (based on a sample of relaxed and unrelaxed clusters including the two subclusters of ClJ0152.7−1357) we estimate that an object of ∼ 2 keV will have a total virial mass of ∼ 1×10 14 M ⊙ . In the same way, the approximate temperature of the two subclusters (5.5 keV) gives a mass of ∼ 5×10 14 M ⊙ for each. We thus concluded that the mass of the system is ∼ 1 × 10 15 M ⊙ (in line with Maughan et al. 2003) and that this is dominated by the two main subclusters.
In the following sections we discuss the important features of ClJ0152.7−1357 detected by XMM-Newton.
Substructure in the northern subcluster
The combination of the galaxy overdensity, weaklensing mass peak and the X-ray substructure in the north of the northern subcluster (region B in Fig. 3) suggest the presence of a third subcluster or group in the NE-SW merger axis of the ClJ0152.7−1357. One plausible explanation for the configuration of the galaxy, gas, and dark matter distribution in this region is that the third subcluster has recently passed through the northern subcluster, traveling in a northerly direction. The dark matter and galaxies of the third subcluster were unaffected by the encounter due to their small (or nonexistent) collisional cross sections. Its gas, meanwhile, was stripped from the potential, with the northern extension of the X-ray emission and possible second X-ray peak in that region being due to the surviving dense gas core of the third subcluster.
The mean redshift of the galaxies associated with this possible third subcluster is 0.838 ± 0.006 (using the redshifts measured by Demarco et al. 2005) ; the same as that of the northern subcluster itself within the uncertainties. This suggests that any motion is in the plane of the sky. −0.4 keV) is slightly low compared to the velocity dispersion (e.g. Xue & Wu 2000) , but it is consistent with the σ v −T relation within the scatter. Using the MeKaL normalisation of the spectral fit in this region, and assuming that the group is spherical, the gas mass within a radius of 20 ′′ was estimated to be 6.0 ± 0.6 × 10 11 M ⊙ . This can be compared with the total mass within the same radius from the weak lensing data (Jee et al. 2005) to give a gas mass fraction of f gas ≈ 0.03. At z = 0.83 the radius of 20 ′′ corresponds to 150 kpc, so this gas fraction is measured only in the central region of group D. The gas fraction found is consistent with that measured in the central regions of local systems of a similar temperature (Sanderson et al. 2003) .
Group A and the possible filament
Another interesting feature of the XMM-Newton data is the possibility that galaxy group A is falling into the cluster along a merger axis which runs through the northern subcluster (C) and group D. The K-band light distribution shows similar structure to the X-ray morphology in this region and the galaxies associated with the group are faint. However it is not known if the group is at the same redshift as the cluster.
The gas density in the region of emission between group A and the northern subcluster was estimated using the MeKaL normalisation from the spectral fit to region 2 (Fig. 10) . In order to simplify the computation of the volume of region 2, the MeKaL normalisation was first scaled up to account for the area excluded in region 1. The volume of region 2 was then calculated assuming it is a cylinder with rotational symmetry about its long axis. With the simplifying assumption that the density is constant throughout that volume, the Hydrogen number density in this region is 4.0 ± 0.6 × 10 −4 cm −3 . These results should be treated with some caution as the emission is very low surface brightness, and the issue of background subtraction is critical. In particular, while the results above were based on spectral fits with a local background, we were unable to obtain acceptable spectral fits with a blank sky background. However, the uncertainties in accounting for the differences in soft Galactic X-ray emission in the source and blank sky datasets are particularly important in the study of a region of low surface brightness, cool gas such as this. As discussed in §2, the use of a local background should to be the most reliable method in this instance.
It is interesting to compare this possible filament with the apparently isolated filament detected by Scharf et al. (2000) with ROSAT. The surface brightness in region 2 is 1.3 ± 0.4 × 10 −15 erg s −1 cm −2 arcmin −2 . This is an order of magnitude brighter than the Scharf et al. (2000) filament. While that filament has no apparent connection to any massive clusters, it is likely that the gas densities would be higher in regions of filaments that are feeding onto a massive cluster of galaxies like that in ClJ0152.7−1357. However, as demonstrated in §3.2, the apparent filament may simply be due to the superposition of the emission from the group and cluster.
In order to estimate of the extent of the northern subcluster, a mass profile was derived assuming that the gas follows an isothermal β-profile in hydrostatic equilibrium with the cluster potential. While these are clearly gross simplifications for this complex system, they are sufficient for the purposes of estimating an approximate virial radius for the northern subcluster. The gas temperature of region 6 in Fig. 10 along with the β-profile parameters from the 2D surface brightness fitting (r c = 40 ± 3 ′′ , β = 0.86±0.06) were then used to estimate a virial radius of R 200 ≈ 1.3 Mpc. Here, we define the virial radius as the radius enclosing a mean density that is a factor of 200 times the critical density at z = 0.83. Numerical simulations show that this overdensity radius approximately separates the virialised part of clusters from the infalling material surrounding them (Navarro et al. 1995) . The estimated virial radius of the northern subcluster falls approximately halfway along region 2 in Fig. 10 . Disregarding projection effects, the southern subcluster and group D all fall within the virial radius of the northern subcluster. If the group A is associated with the system, it is most likely at an earlier merger stage, lying outside the estimated virial radius.
CONCLUSIONS
ClJ0152.7−1357 is a fascinating system, comprising two main subclusters in an apparently early stage of merging and possibly two infalling groups. There also is evidence for late stage merger activity in the northern subcluster. The formation of a massive cluster is occurring along two main merger axes which appear perpendicular in the plane of the sky. This unique system provides a dramatic example of cluster formation via mergers on different scales and at different stages, providing further compelling observational support for the hierarchical assembly model of cluster formation.
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